In contrast to the rapid electrolyte-loss due to AK-toxin, a host-specific toxin of Alternaria kikuchiana, tenuazonic acid and phenylacetic acid, non-host-specific toxins, caused a little and slow leakage of electrolytes from both susceptible and resistant leaves.
The ultrastructural changes in the AK-toxin-treated susceptible leaves were characterized by abnormal invaginations of plasma membrane Plasma membrane was altered even at the stage when other cellular membranes were not affected.
AKtoxin, however, did not affect the ultrastructure of resistant leaf cells.
On the other hand, cells of pear leaves treated with tenuazonic acid and phenylacetic acid showed general ultrastructural disruption, regardless of susceptibility or resistance to AK-toxin.
The non-host-specific toxins attacked cellular organelles non-selectively. However, the characteristic changes of plasma membrane such as invagination were not observed in cells of susceptible and resistant leaves treated with tenuazonic acid and phenylacetic acid.
The non-selective effect of these toxins on cellular membrane suggests that the toxins may act on all cellular membranes. Electrolyte-leakage from both pear cultivars after treatment with non-host-specific toxins was considered to be different from that from AK-toxin-treated susceptible leaves. A rapid loss of electrolytes and plasma membrane-invaginations indicated that AK-toxin affected the structure and function of plasma membrane of susceptible cells.
(Received July 9, 1976) Introduction Alternaria kikuchiana Tanaka has been known to cause the black spot disease of Japanese pear cultivars such as Nijisseiki and its derivatives and to produce a host-specific toxin (AK-toxin)1, 10).
Both AK-toxin and the toxin-producing fungi elicit the characteristic symptom of the disease, suggesting that the toxin plays a key role in determining pathogenicity1). Many biochemical and physiological studies on the mode of action of AK-toxin suggested that the primary site of action of the toxin might be on the plasma membrane of cells of susceptible cultivars.
Little is known, however, about the effect of this toxin on the ultrastructure of host plant cells.
AK The isolation of AK-toxin from the filtrate was made as described previously7).
Copper tenuazonate, provided by Professor Syoyo Nishimura of Tottori University, Tottori, Japan, was dissolved in chloroform and the solution was washed four times with 2N HCl to remove copper. Free tenuazonic acid was obtained by evaporating the chloroform in vacuo at 40C. Phenylacetic acid used was an authentic chemical.
Chemical treatments. After young leaves of Nijisseiki and Chojuro were injured with a scalpel, drops of AK-toxin solution were placed on the injured portion, and incubated at 28C for 30min, 3hr, 6hr and 10hr in a moist chamber.
In the same manner, leaves of the both cultivars were treated either with 200ppm tenuazonic acid (TA) for 3hr and 8hr or with 250ppm phenylacetic acid (PAA) for 3hr.
Distilled water was applied on the injured portion of leaves as a control.
Fixation, dehydration and embedding. Tissues of pear leaves treated with AK-toxin or PAA were prefixed for 2hr in 3% glutaraldehyde (1/15M phosphate buffer, pH 7.2) and postfixed for 1hr with 1.5% osmic acid (1/15M phosphate buffer, pH 7.2).
TA-treated leaf tissues were prefixed for 4hr in a mixture of 3% glutaraldehyde and 2% paraformaldehyde containing CaCl2 (anhydrous, 0.5mg/ml) (0.1M cacodylate buffer, pH 7.25) and postfixed for 2hr in 1.50 osmic acid (0.1M cacodylate buffer, pH 7.25). After fixations, the tissues were dehydrated by ethanol and acetone and then embedded in epon mixture.
Specimens were sectioned with either glass or diamond knife.
This sections were stained with 2% uranyl acetate for 30min and poststained with lead citrate for 20min.
These sections were observed with an electron microscope, JEM-7 type (JEOL Ltd.). Thus the observation of ultrastructural changes was restricted to the leaf tissues that had been treated with AK-toxin for 30min, 3hr, 6hr, and 10hr, those treated with TA for 3hr and 6hr, and those incubated in PAA for 3hr.
Results

Ultrastructural
Plasma membrane of cells of AK-toxin-treated leaves was deformed while the membrane in untreated leaf cells was tightly appressed to the cell wall (Fig. 1) . AK-toxin induced extensive plasma membrane-invaginations in susceptible butra rely in resistant leaf tissues during 3 and 6hr of treatment (Figs. 2 and 3) . Moreover, many membranous and darkly stained materials were found in the interspace between cell wall and invaginated plasma membrane (Fig. 3) .
The plasma membrane modifications were also observed in some susceptible leaf cells treated with the toxin for 1hr7), and could even be detected within 30min after treatment in this study as well as in the previous study7).
The modifications became more extensive and universal as the time of toxin treatment was prolonged ( Table 1 ). The electron micrograph of Fig. 2 showed that many invaginations of plasma membrane were induced in vascular bundle sheath and mesophyll cells of susceptible leaves treated with AK-toxin for 6hr (Compare Fig. 1 with Fig. 2 ).
It is noteworthy that cellular membranes in organelles were not affected and appeared to be intact (Fig. 3) .
The modifications of plasma membrane were also found in necrotic leaf cells treated with the toxin for 10hr (Fig. 4) , although configuration of the other membranes remained intact in these cells (Figs. 4 and 5) . Ultrastructural changes in PAA-treated leaf tissues The similar observation was done with PAA-treated leaves. PAA caused nonselective or non-host-specific degenerations of organelles in leaf cells. The earliest structural change was the disappearance of nuclear matrix (Figs. 6 and 8 ). An ultrastructural feature of the 90th mesophyll cell from the PAA-treated portion was similar to that of untreated leaf cells and appeared to be normal (Figs. 7) .
In the 30th mesophyll cell, nuclear matrix began to become sparse, and eventually lysigenous spaces occurred in nucleus (Fig. 8) .
At this stage, chloroplasts and mitochondria seemed to be intact (Fig. 8) .
The electron micrograph of Fig. 9 showed the 10th mesophyll cell from the treated portion, in which a nucleus, chloroplasts and mitochondria were disrupted.
In necrotic cells near PAA-treated portion, cellular membranes were completely degenerated (Fig. 10) . The characteristic modifications of plasma membrane such as invagination were not observed (Table 1) but membranes were broken (Figs. 10) . Ultrastructural changes in TA-treated leaf tissues TA also caused some degenerations equally in both the cultivars, Nijisseiki and Chojuro.
TA affected all cellular membranes in organelles.
As shown in Fig.  12 , the earliest effect of TA appeared on chloroplasts as observed 3hr after the treatment while at that time no modification of plasma membreane was observed. Chloroplasts were swollen and the grana lamellae began disorganized (Figs. 12 and  14) .
Disorder of the grana fretwork systems was followed by elongation of grana lamella.
In leaf cells near the treated portion, chloroplasts and endoplasmic reticula were degenerated whereas mitochondria seemed to be normal (Fig. 11) . Endoplasmic reticula were swollen and vesiculated (Fig. 13) .
In some mesophyll cells, the outer layer of nuclear envelope connected with the degenerated endoplasmic reticula was also elongated (Fig. 13) .
Cellular membranes were entirely disrupted in necrotic mesophyll cells treated with TA for 8hr (Fig. 15) .
Thus degeneration seemed to occur at first in chloroplasts, then in nuclei, and finally in endoplasmic reticula. the frequency of cells with plasma membrane-invagination, in susceptible leaves treated with AK-toxin for 3hr, was 69% in vascular bundle sheath cells, 45% in their adjacent mesophyll cells, and 7% in the mesophyll cells remote from the bundle sheath.
The cells with invagination were rarely observed in the toxin-treated resistant leaves and in untreated control leaves of both cultivars. On the other hand, the plasma membrane-invagination was rarely observed in leaves treated with TA and PAA for 3hr.
Discussion
An ultrastructural study of Japanese pear leaves which had been treated with a host-specific and non-host-specific toxins produced by A. kikuchiana, showed that the mode of action of AK-toxin was different from those of TA and PAA. The degeneration caused by these non-host-specific toxins was similar in both susceptible and resistant pear cells.
TA and PAA did not selectively attack any particular membrane system but caused general disruption of membranes during the early stage of treatment, supporting the idea that the action sites of TA and PAA may not be a particular membrane system but all membranes.
AK-toxin caused the ultrastructural changes only in susceptible tissues ( Table  1) .
The initial changes in ultrastructure of the toxin-treated cells were the invagination, fragmentation and vesiculation of plasma membrane. These structural changes of plasma membrane suggest alteration of its function. The membranous materials at the invaginated sites may possibly be degradation products of plasma membrane.
Changes in ultrastructure were restricted to plasma membrane even in necrotic cells; the configuration of other cellular membranes appeared intact, indicating that AK-toxin displays its specificity not only against particular host but also particular membrane.
Thus these results suggest that the primary site of action of AK-toxin is present on plasma membrane of susceptible cells, and is consistent with the receptor hypothesis8,9).
It appears that the cause of electrolyte-loss from AK-toxin treated susceptible tissues differs from those attributed to such non-host-specific toxins as TA and PAA.
The plasma membrane-invaginations that were observed in AK-toxin-treated susceptible leaves of which electrolyte-loss was induced could not be detected in TAand PAA-treated leaves.
Instead breaking of plasma membrane was predominant in the non-host-specific toxin-treated leaves that had become leaky (Table 1) . It is most likely that the leakage of electrolytes is due to the breaking of plasma membrane in leaves treated with these non-host-specific toxins.
The electrolyteloss and the breakings of plasma membrane were considered to be the secondary effects of non-host-specific toxins.
On the contrary, the leakage is unlikely due to breakings of the membrane in AK-toxin-treated susceptible tissues because the leakage was detected prior to the disruption of the membrane.
Therefore, electrolytes should have leaked from cells without breaking of plasma membrane. As Wheeler & Hanchey1 2) described previously, a host-specific toxin may cause the loosening of structure of plasma membrane during the process of biochemical altera tion of the membrane and the loosening may result in the leakage of electrolytes throghout lipid bilayer of the membrane.
However, no ultrastructural change was not found in the unit membrane at the invaginated area7).The detection of subtle changes in molecular structure of invaginated plasma membrane seemed to be difficult until an appropriate technique is invented.
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